The aim of this study was to examine the status of usual dietary micronutrient intakes among Chinese elderly living at home. The data was based on China National Nutrition and Health Survey (CNNHS) 2010-2012. We analyzed data from the participants aged 60-year-old and more (n = 16,612) living at home, who provided dietary data on three days 24 h dietary survey combining with the household weighing method. The means and distribution percentiles for usual intakes of dietary micronutrients were estimated using the Multiple Source Method (MSM). The prevalence of inadequacy for the selected micronutrients was expressed using the proportion of individuals with usual intakes below the Estimated Average Requirement (EAR). For vitamin E, sodium and potassium, the means and the distribution of intakes were compared to the Adequate Intake (AI) level. Usual dietary intakes of most micronutrients were inadequate in the participants, especially folate, calcium, vitamin B 6 and vitamin B 2 , with the prevalence of inadequacy more than 90%. However, dietary sodium intake was extremely high with an average usual intake of 4702 mg/day. The usual dietary intakes of all selected micronutrients in old males were higher than females, and the prevalence of inadequacy of most micronutrients was higher in old women (p < 0.01). The subjects aged 60-74 years tended to have higher usual dietary micronutrient intakes and lower prevalence of inadequate micronutrients than those aged 75 years and over (p < 0.01). Higher usual dietary intakes and lower prevalence of inadequacy of most micronutrients were found in the elderly living in the southern region (p < 0.01). The average usual intakes of most micronutrients declined with socioeconomic status. The prevalence of inadequate vitamin A, B 2 , C, calcium and selenium below EAR increased with socioeconomic status (p < 0.01, p for trend < 0.01). Thus, essential micronutrients insufficient intake is a public health concern among Chinese community-dwelling old population, especially the females, older people, the elderly in undeveloped areas or living in northern regions. Nutrition education and appropriate approach should be undertaken to address these problems.
Introduction
Micronutrients deficiency referred to as "hidden hunger" is a global health issue. It is supposed that over 2 billion people worldwide [1] are suffering from micronutrients deficiency and there are surprisingly high prevalence rates in developing countries and among vulnerable groups, in particular, among the elderly population [2] .
Micronutrients deficiency contributes to the course from the normal aging process to the progression of chronic disease and impacts susceptibility and exacerbation of disease and disability of the elderly [2] . Many studies found the association between deficient micronutrients and detrimental 
Subjects and Methods
In the CNNHS, questionnaires were designed to gather information on the individual sociodemographic characteristic, diet, physical activity, health and lifestyle status. Anthropometric measurements were taken to examine individual weight, height and waist circumference by trained staff.
The dietary survey was carried out by highly trained dietary staff inquiring and recording the information via a face-to-face interview, including three-day consecutive 24-hour dietary recalls at individual level, combining food weighing at household level (two weekdays and one weekend). The flow of representative dietary survey was shown in Figure 2 . On each visit, all food and beverages consumed at home and away from home in the past 24 hour were described by the participants, including time of consumption, sources where the food was obtained, cooking method and portion size. Several visual aids, such as food models and pictures involving standard plates, bowls, cups, spoons, bottles and other common household utensils were provided to help the participants estimate the portion sizes consumed. If the older participants were unable to provide the information by themselves, the person who took care of them or prepared the dishes for them surrogated them to complete the diet survey. The amounts of edible oil and each ingredient (such as salt, sugar and other condiment) used at the household were measured with the use of a uniformly calibrated electronic dietary scale with a precision of 2 g. Meanwhile, the newly purchased and abandoned amounts of these cooking oil and condiments were asked to be recorded during the survey days. Then, the food names and amount during the dietary survey days were documented or calculated by the trained interviewers. Data regarding dietary nutrient intake did not include the consumption of nutrient 
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Statistical Analysis
All data were independently double entered by different people for subsequent validation using EpiData, version 3.1 (CDC, Atlanta, GA, USA). Any discrepancies were identified, checked against original records and corrected before data analysis. Data analysis was performed using SAS (Statistical Analysis System) for Windows V9.3 (SAS Institute, Cary, NC, USA).
The multiple source method (MSM) [27] was used to estimate the means and distribution percentiles for usual dietary micronutrient intake, which were proposed by the European Prospective Investigation Cancer and Nutrition (EPIC) and corrected for intra-individual variability of consumption by the shrinkage modeling. All participants were considered consumers of micronutrients. The subjects' gender, age groups (60-74 years group and ≥75 years group), geographic region (north and south) and socioeconomic types (big cities, small and medium sized cities, normal rural and poor rural) were considered as covariates into the all separate modeling parts created for each micronutrient. Usual dietary micronutrients intakes were compared to age and sexspecific recommendations defined by Chinese Dietary Reference Intakes [28] .
According to the definitions of DRIs (Dietary Reference Intakes) [29] , the Estimated Average Requirement (EAR) as the daily intake value is estimated to meet the requirement in half of the apparently healthy individuals in a particular life stage or gender group. Recommended Dietary Allowance (RDA) is the average daily dietary intake level that is sufficient to meet the nutrient requirement of nearly all (97 to 98%) healthy individuals, i.e., EAR + 2 SD (Standard Deviation) of the EAR, when normally distributed. As for Adequate Intake (AI), it is the recommended intake level based on observed or experimentally determined approximations of nutrient intake by a group (or groups) of healthy people that are assumed to be adequate, used when an RDA cannot be determined. In this study, the prevalence of inadequate intake of micronutrients was estimated as the proportion of the elderly who had a micronutrient intake below the EAR, applied by the EAR cut point method, as recommended by the Institute of Medicine (IOM) [30] . Micronutrients were considered to be potential inadequacy if the prevalence of inadequate intakes was equal to or above 30% of the population for each sex or age [21] . For vitamin E, sodium and potassium, the usual intake was compared with the AIs in order to make a qualitative comparison since the EARs of these nutrients 
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Results

Characteristic and Usual Dietary Energy Intake of the Subjects
A total of 16,612 participants aged 60-years-old and above were involved in this study. The average age was 68.81 with 81.4% of 60-74 years and 18.6% of 75 years and over. The proportion of males was 49.0% and 41.0% of the subjects were from the northern region. The usual dietary energy intake of the subjects was 1783 ± 617 kcal/day. Table 1 provides an overview of the demographic and socioeconomic characteristics and usual dietary energy intake of the participants. 
Assessment of Dietary Micronutrients Intakes
The means, selected percentiles of usual dietary micronutrient intakes and the proportion of the subjects with inadequate intake below EAR for each micronutrient among Chinese elderly were shown in Table 2 . The EARs or AIs for the selected vitamins and minerals for Chinese adults aged 60 years and over were shown in Appendix A Tables A1 and A2 [28] .
Dietary daily intakes of folate, calcium and vitamin B 6 were found extremely low with the medians of 59.2 µgDFE/day, 301.4 mg/day and 0.4 mg/day, respectively, not reaching a quarter or a half of their EARs in the elderly. Moreover, the median usual dietary intake of most micronutrients was less than the EARs for each respective sex and age group, such as vitamin A, vitamin B 1 , vitamin B 2 , vitamin B 12 , vitamin C, magnesium, zinc (only for male) and selenium. For magnesium, the medians of usual dietary intake were lower than its specific EARs for respective age group, with 247.4 mg/day in 60-64 years group, 231.5 mg/day in 65-79 years group and 194.3 mg/day in 80 years and over group. The dietary daily intakes of zinc for female and iron was higher than the EARs for respective sex-age group. For example, the median of usual dietary zinc intake for old females was 7.7 mg/day, which was higher than the EAR of 6.1 mg/day. The median usual intake of vitamin E with 23.3 mgα-TE/day was more than the AI of vitamin E for the elderly of 14 mgα-TE/day which implied a low likelihood of vitamin E inadequacy for the subjects. The median of dietary daily intake of potassium (1017 mg/day) was less than the AI for the elderly (2000 mg/day). On the contrary, the median usual sodium intake was extremely high, much more than the AIs of sodium for each respective age group. The median of usual sodium intake in 60-80 years group, 3915 mg/day, was 1.8 folds higher than the AI of 1400 mg/day and that in the over 80 years group (3451 mg/day) was also high compared to the AI of 1300 mg/day. The prevalence of inadequacy of vitamin B 2 for both sex, vitamin B 6 , folate and calcium was very high with the proportion of the elderly below the EARs more than 90% (vitamin B 2 : 95.5% for men, 92.6% for women; vitamin B 6 : 95.1%; folate: 99.4%; and calcium: 98.2%, respectively). Furthermore, potential inadequacies were also found in vitamin A, vitamin B 1 , vitamin B 12 , vitamin C, magnesium, zinc (only for men) and selenium since the percentages of inadequate intakes of the preceding micronutrients was over 30% (67.6%-89.3%) for each respective sex or age group. For example, although the EARs reduced with age, the proportion of the subjects with dietary magnesium intake below EAR still increased among 60-64 years group, 65-79 years group and 80 years and over years group, with 65.4%, 67.7% and 76.9%, respectively. On the other hand, the proportion of the elderly with inadequate dietary iron was 3.3% and the prevalence of inadequate zinc for women was 24.8%. Thus, potential inadequacies of iron in the elderly and zinc in the older women were not considered to exist. The percentage of the elderly with usual dietary sodium intake more than the WHO (World Health Organization) recommendation (2000 mg/day) reached 88.6% [31] . Table 2 also summarized the usual dietary micronutrient intakes and the percentage of the elderly with inadequate micronutrients between genders. The usual dietary intakes of all micronutrients were found to be slightly higher in older men than women. However, given the higher dietary micronutrient requirements in males, inadequate intakes of vitamin A, vitamin B 1 , vitamin B 2 and zinc below the EARs were more common in elderly men than in elderly women (p < 0.001). In addition, the percentages of older women with inadequate vitamin B 6 , vitamin B 12 , vitamin C, calcium, magnesium, iron and selenium intakes were found higher than men (p < 0.001). There was no significant difference in the prevalence of inadequate folate between old men and women (p > 0.05). The percentage of old males with dietary sodium intake more than 2000 mg/day was higher than females (91.4% versus. 85.8%, p < 0.001).
Assessment of Dietary Micronutrients Intakes between the Two Genders
Assessment of Dietary Micronutrients Intakes between Different Age Groups
Usual intakes of all micronutrients were found higher in 60-74 years group compared to the 75 years and over group (Table 3 ). The proportion of individuals with inadequate intakes was estimated by comparison with EAR values for each respective age group (60-64 years, 65-79 years and ≥80 years) and gender. Although the micronutrients requirements were relatively low in the older people aged over 65-year-old or 80-year-old, the prevalence of inadequacy of most micronutrients was still much higher in the older people (≥75 years) (p < 0.001), except for vitamin B 12 , folate and calcium, with no significant difference between the two age groups ( Table 3 ). The percentage of the elderly with usual dietary sodium intake more than 2000 mg/day was higher in the 60-74 years group than the 75 years and over group (89.2% versus 85.5%, p < 0.001).
Assessment of Dietary Micronutrients Intakes between Northern and Southern Regions
Means, selected percentiles of usual dietary micronutrient intake and the percentage of micronutrients inadequacies in northern and southern region were shown in Table 4 . Median usual dietary intakes of vitamin A, vitamin B 2 , vitamin B 6 , vitamin B 12 , vitamin C, folate, calcium and zinc were higher and the prevalence of inadequacies of these micronutrients was lower in the southern region (p < 0.05). However, the median usual dietary intakes of vitamin E, potassium, sodium, magnesium and selenium were much higher in the elderly living in the northern region. Meanwhile, the percentage of the participants with inadequate magnesium and selenium intakes was higher in the southern region (p < 0.05). In addition, there was no difference in the prevalence of inadequate vitamin B 1 and iron between the two geographic regions (p > 0.05). With regards to the dietary sodium intake, the percentage of the subjects with usual sodium intake more than 2000 mg/day was higher in the north with 90.1% than the south with 87.5% (p < 0.001). 
Assessment of Dietary Micronutrients Intakes between in Different Socioeconomic Types
Usual intake of dietary micronutrients including vitamin A, vitamin B 2 , vitamin B 12 , vitamin C, vitamin E, calcium, potassium and selenium was found to be reduced among the socioeconomic area types. Additionally, the proportion of the subjects with inadequate intake of the preceding micronutrients exclusive of vitamin E and potassium increased with the socioeconomic (p < 0.01, p for trend < 0.01). On opposite terms, the usual dietary vitamin B 6 intake increased with the four socioeconomic types and the prevalence of inadequate vitamin B 6 declined accordingly (p < 0.01, p for trend < 0.01). The median usual dietary intake of vitamin B 1 , folate, magnesium and zinc was lowest in the subjects living in small and medium-sized cities, and the prevalence of inadequacy of vitamin B 1 , magnesium and zinc intake was highest in small and medium-sized cities (p < 0.001). As to folate, the prevalence of inadequate folate was lowest in normal rural (p < 0.001). There was no significant difference in the percentages of the elderly with inadequate iron intake among the four socioeconomic area types (p > 0.05). The median of usual dietary sodium intake and the percentage of the subjects with excess dietary sodium intake (≥2000 mg/day) were both highest in normal rural (4131 mg/day, 90.1%, p < 0.001). The results were shown in Table 5 . 
Discussion
As far as we know, this is the first study to estimate the detailed status of usual dietary micronutrients intake and assess the potential inadequacies of micronutrients in Chinese elderly on national level. Moreover, this study also discovered the differences among geographic location and socioeconomic status except for sex and age. Until now, only one study calculated the usual nutrient intake and the prevalence of inadequate intake in adults based on the dataset from CNNHS in 2002 [32] . It highlighted the inadequate intake of calcium, zinc, selenium, magnesium, thiamine (vitamin B 1 ) and riboflavin (vitamin B 2 ), but the nutrient intake status among different age groups, living regions and socioeconomic types was not estimated [32] . In accordance with the results of the preceding study, overall findings of this present study indicated that the majority of Chinese old adults had potential inadequate intake of essential micronutrients, such as folate, calcium, vitamin A, vitamin B 6 and vitamin B 2 , etc.
In this study, we selected 15 micronutrients including vitamins and minerals, which were essential for elderly health. Among the vitamin nutrients, the prevalence of inadequacy for folate was the highest in the elderly, and the usual dietary folate intake was extremely low, less than 60 µgDFE/day. Up to now, there has been no literature concerning to dietary folate intake and the prevalence of inadequacy in China. However, there was a report that a high dietary folate consumption of 797-847 µgDEF/day and a low prevalence of inadequate total dietary folate intake of 6.1-7.7% was found in the adults aged >50 years in the United States [33] . Similarly, results from a study in Brazil also pointed to a high average dietary folate intake (376.6 µgDEF/day) and a low prevalence of folate inadequacy (9.5%) among the subjects aged 60 years and over [34] . Though it was important to note that these countries have adopted national folic acid fortification policies, in other countries which have not launched these nutritional policies, the dietary folate intake among the elderly was also far higher than that in China. For example, in Poland, the folate intake among adults aged 60 and above was on the level of 133-284 µgDEF/day [35] and dietary folate with 356 µgDEF/day for men and 269 µgDEF/day for women in Irish old adults [36] .
Similar to folate, usual dietary vitamin B 6 , B 1 , B 2 and B 12 intake was also very low among Chinese old adults, and the prevalence of inadequacy was more than 80%. Folate and vitamins B 2 , B 6 and B 12 participated in DNA repair, methylation and chromosome maintenance in one-carbon metabolism pathways [37] . Deficiency in folate, vitamins B 6 and B 12 resulted in homocysteine accumulation, consequently associated with hypertension, cardiovascular disease and cognition impairment. Globally, there were 13.7 million new stroke cases in 2016 and 40% of them occurred in China, about 5.51 million cases [38] . One report suggested that stroke remained the primary cause of cripples and death among Chinese adults [39] . The poor nutritional status of B vitamins might contribute to the high incidence of stroke in China. Inadequate vitamin B complex intake might be associated with low consumption of whole grains and cereals, legumes, vegetable, fruits and nuts, as well as certain animal food such as dairy and fish in China [40] [41] [42] .
In the past 20 years, the consumption of cooking oil, meat and sugar increased rapidly while the coarse food, vegetables and fruits consumption decreased continuously in Chinese residents [41, 43] . Thus, we found insufficient dietary vitamin C intake and adequate dietary vitamin E in Chinese elderly in this study which was quite different from those of the elderly in European countries [20] . From these results, inadequate vitamin A intake might be an important public health concern among Chinese home-living elderly people with the inadequacy prevalence of 78.9% for men and 74.6% for women. However, the majority of European countries had mean vitamin A intakes over 1000 µgRE/day for both men and women aged over 60 years and the proportion of intakes below the EAR was very low; less than 20% [20] . In the USA, the prevalence of inadequate intake for vitamin A was also less a concern since the percentage of individuals with vitamin A intakes below the EAR ranged from 9.8%-25.7% among adults aged over 50 years [19] .
The prevalence of calcium inadequacy was the highest among the mineral nutrients in this study (98.2%) with the average usual dietary calcium intake of merely 338.3 mg/day in Chinese elderly. Data from NHANES 2007-2010 showed that calcium intake ranged from 814 mg/day for ages 51-70 years to 933 mg/day for ages ≥71 years and the prevalence of calcium inadequacy was 9.2%-51.4% for the respective age and sex groups [19] . Dairy products were one of the most important sources of calcium, but the consumption of dairy products was considerably low in Chinese elderly [41, 44] . Selenium, magnesium and zinc (only for men) intake was also considered as potential inadequacy because of the prevalence of inadequacies more than 30% for each age-gender group. In comparison to the elderly population in most of European countries, the prevalence of calcium, magnesium, zinc and selenium inadequacies was much higher in Chinese elderly [20] . The percentage of inadequate iron was only 3.3% in Chinese old people, even lower than that in some European countries [20] . We considered that the planted-based dietary pattern and the increasing meat consumption (from 58.9 g/day in 1992, 78.6 g/day in 2002 to 89.7 g/day in 2012) were the main reasons for sufficient iron intake in China [41] . On the other side, it was important to note that there were 0.68% of the subjects in this study having excess iron intake over UL (Tolerable Upper Intake Level) of iron (42 mg/day) for the elderly in China. Moreover, one study reported that the prevalence of high iron store (serum ferritin > 200) was 50.6% among Chinese adults aged 60 years and over in large city [45] . There might exist a potential iron overconsumption among Chinese elderly. High iron intake, especially heme iron intake, and high iron store had been shown to be associated with diabetes [46] [47] [48] , cancer [49] and cognitive impairment [50] in the Chinese population. Although dietary total iron intake among Chinese people had slightly decreased during the recent decade (from 23.3 mg/day in 2002 to 21.5 mg/day in 2012) [51] , increasing dietary heme iron intake (existing only in meat and meat products) and the potential risk of iron overload, which still existed, became public health concerns. The average usual dietary potassium intake was about 1400 mg/day, far below the AI. Although the salt consumption reduced during recent years [41] , the sodium intake of Chinese elderly was also far above the recommendation. In American adults aged over 70 years, the mean intakes of potassium and sodium were 2457 mg/day and 2717 mg/day, respectively [19] . Several studies suggested that high sodium intake and the sodium-potassium intake ratio was an independent predictor of stroke risk as well as a significant risk factor for cardiovascular disease and all-cause mortality [52] [53] [54] [55] . Based on the recommendation of the WHO with sodium intake less than 2000 mg per day and potassium intake at least 3510 mg per day, the desirable dietary sodium-potassium ratio was approximately 1.0 (mmoL/mmoL) or lower [56] . Although a recent study demonstrated that combined moderate sodium intake (3-5 g/day) with a high potassium intake (2.1 g/day) and with a sodium-potassium-ratio less than 2.4-4.0 was associated with the lowest risk of mortality and cardiovascular events [57] , the dietary sodium-potassium ratio of 5.7 in Chinese elderly was still significantly higher than the upper limit.
In this study, the findings showed that the usual dietary intakes of overall micronutrients analyzed among the women aged ≥60 years were less than the men, and the prevalence of inadequacies for the majority of micronutrients were higher in old female. The results were similar with those of the European study, as women and especially elderly women appeared to be the most vulnerable groups with additional risk of micronutrients deficiency [58] . Some studies addressed that under-nutrition were more common among women than men and suggested that the decline in energy and nutrients intakes appeared to be related to the women consuming smaller portions of food [2, 59] . Due to the interference from oral health problems, impaired chewing and swallowing function as well as physiologic challenges associated with chronic and acute diseases and medication use [60] , a well-balanced diet became a challenge for the older persons and the greater risk for micronutrients deficiency was found in adults aged ≥75 years.
Environmental, social and financial barriers faced by older adults might also interfere with adequate dietary micronutrient intake. In this study, for the majority of micronutrients, higher usual dietary intake and lower prevalence of inadequacies were found in the elderly living in the southern areas or cities. There were some dietary pattern differences between the southern and northern regions in China due to the geographical location, climate condition, food supply and dietary habits. In general, the southern dietary pattern was deemed a balanced dietary pattern with a high intake of vegetables, fruits, eggs, fish and meat [61, 62] . Nevertheless, the northern diet in China was simple and had less diversity, mainly including wheat noodles, dumplings, steamed buns and flat cakes [63] . Dietary diversity predicted the adequacy of micronutrient intake. In addition, for most micronutrients analyzed in this study, a tendency of decreased usual dietary intakes was observed with a decline in socioeconomic levels, and the prevalence of inadequacies increased as the decreasing of socioeconomic situation accordingly. Many studies suggested that micronutrients were likely to be deficient in lowand middle-income countries or areas [64, 65] and the income levels had an important influence on micronutrient intake [66, 67] . Generally, people's food pattern depended on several variables, such as income and cost of food, as well as awareness and knowledge about the nutritional value of each food. Therefore, the population with low education and income might be apt to have the risk of nutrients deficiency.
Limitations
There were several limitations in this study. Firstly, in CNNHS 2010-2012, the dietary survey only collected whether the subjects used dietary supplement but not investigated the specific details on the type, frequency and amount of supplement consumption as well as nutrient content of each supplement. Based on the prior analysis, only 2.1% of the subjects in this study had used a certain dietary supplement which was far lower compared to the rates of supplements use reported by the elderly in other countries with 41.0%-72.6% [68, 69] . Thus, it was possible that this study might slightly underestimate micronutrient intakes in Chinese elderly; we thought the effect of supplement use was small among this population. Secondly, since there is lack of the vitamin B 12 data in Chinese Food Composition Table at present, we used vitamin B 12 content of the analogical food deriving from USDA Food Composition Databases [25] and Standard tables of Food Composition in Japan [26] to replace and estimate. This might be inaccurate for the estimation of vitamin B 12 intake but we thought this rudiment of dietary vitamin B 12 status for the first time was necessary to be reported due to the intimate relationship between vitamin B 12 and folate [70] . Thirdly, usual dietary vitamin D intake could not be estimated in this study, since there is a lack of vitamin D data in the Chinese Food Composition Table. Furthermore, it was difficult to replace vitamin D content of food based on the food composition databases from other countries due to the vast difference of food (containing vitamin D) among Chinese people, especially commercial food and fortified food. In general, the main source of vitamin D is the synthesis mediated by UVB radiation and dietary vitamin D intake may not be a good proxy for vitamin D status [71, 72] . Thus, we were more inclined to use serum 25-hydroxyvitamin D to assess vitamin D status. Finally, we have not detected a biomarker of these micronutrients in serum to estimate the prevalence of deficiency risk in this study. However, some studies suggested that individuals consuming an adequate diet based on the Estimated Average Requirement might have a lower risk of any deficiency than those with an inadequate diet [58] . Moreover, a positive aspect of this study was the use of MSM to estimate the usual intake of dietary micronutrients which was defined as the long-run average daily intake of a dietary component. MSM used a mix-effect modeling parts reducing the biases and effects of the variations of individual intake, providing better results regarding the knowledge of the participants' dietary intake. In the future study, we would measure the biomarkers for micronutrients and contrast to the usual dietary micronutrients intake in this study.
Conclusions
In conclusion, Chinese elderly living at home have a suboptimal micronutrients intake, except for sodium, iron, zinc (only for women) and vitamin E. Women aged 60 years and over, older adults and the elderly living in the northern region or in poor rural areas are more vulnerable to micronutrients deficiency. However, there exists extremely excessive dietary sodium intake among Chinese elderly, in particular older males, younger elderly and those living in the northern China or in rural areas. Hence, there is an urgent need for nutrition education, nutritional policies and appropriate nationwide intervention programs for these groups of people to improve their diet quality to meet the micronutrients intake recommendations.
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